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Abstract

Background: Acute kidney injury(AKI) is linked with considerable mortality
and morbidity in India. It is a spectrum ranging from a mild form to severe
form requiring Renal Replacement Therapy (RRT). Detection of AKI in the
early stage of disease and aggressive management of underlying cause will
reduce mortality. If treated partially or left untreated, it was observed to
increase risk of developing CKD and progression to End-Stage Renal Disease
(ESRD)*. Patients in tropical countries continue to face diseases that are due to
public health problems such as unsafe water, poor sanitation, lack of infection
control, and out-of-hospital childbirth®. Potential use of indigenous Indian
remedies also seemed to increase the risk of AKI in tropical and developing
countries. The aim is to study the etiology and clinical outcome of tropical
Acute Kidney Injury (AKI) in a tertiary care hospital. Materials and
Methods: This prospective observational study was conducted in general
medical wards and acute medical care unit (AMC) in SVRRGGH, Tirupati.
The study was conducted for a period of 1 year (From February 2020 to
January 2021) on 160 subjects. Urine output was measured every 6 hours on
day 1 of hospital stay and later for every 24 hours. Urine output for patients in
the ICU was measured every 6 hours. Oliguria, hypotension, encephalopathy,
acute respiratory distress syndrome (ARDS), sepsis, the requirement for
mechanical ventilation and ionotropic support were noted. Serial monitoring of
serum creatinine and urine output was individualized for each patient. The
patients of AKI were managed with fluid resuscitation, inotropic support,
antibiotic therapy and treating the underlying cause. Renal replacement
therapy, if required was initiated after consultation with a nephrologist. Each
patient was followed up for 3months with serum creatinine. Result: Of the
total 160 patients of AKI, 104 (65%) were males and 56 (35%) were females.
Causes of AKI included in the study were acute diarrheal disease, toxins,
glomerulonephritis, sepsis, leptospirosis, malaria, scrub typhus, and dengue,
CCF, HRS and BPH. According to AKIN staging, 42.5% of patients were
stage 1, 16.3% were stage 2 and 41.3% were AKIN stage 3. Among the
causes, Renal AKI (76.3%) was the commonest cause of AKI followed by
prerenal (18.7%) and post-renal (5%) AKI. In the study, 121(75.6%) patients
were treated conservatively and 39(24.4%) patients underwent renal
replacement therapy. 105 (65.6%) patients of AKI completely recovered, 43
(26.9%) patients died and 12 (7.5%) patients progressed to chronic kidney
disease. Conclusion: Sepsis was the commonest cause of AKI in this study.
Risk stratification and early diagnosis & management were the best time-
tested approach in treating AKI. Most of the infectious and environmental
causes were largely preventable which were associated with significant
morbidity and mortality.
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INTRODUCTION

Acute Kkidney injury (AKI) refers to an abrupt
decline in renal function over a period and results in
decreased urine output and clearance of metabolic
waste  products, electrolyte imbalance, and
dysregulation of acid-base homeostasis.[l AKI is
linked with considerable mortality and morbidity.
AKI is a spectrum extending from a mild form to
severe form which requires Renal Replacement
Therapy (RRT).[Z Detection of AKI in the early
stage of disease and aggressive management of
underlying cause will reduce mortality.®] Recently it
was observed that the patients who had a complete
or near-complete recovery, were at risk of
developing CKD and increased risk of progression
to End-Stage Renal Disease (ESRD).MThe
incidence of Acute kidney injury differs between the
developing and developed countries.[’] Patients in
tropical countries continue to face diseases that are
due to public health problems such as unsafe water,
poor sanitation, lack of infection control, and out-of-
hospital ~ childbirth.[1  High temperature, the
fragilityof soil, and the leaching of minerals &
organic compounds result in the high prevalence of
water-borne diseases. Heterogeneity can be seen in
the population of the tropics than in temperate
climates in terms of socioeconomic status, lack of
education, and access to services and medical
care.[’l Poverty acts as a risk factor in the population
who encounter the industrial toxins that can cause
AKI. Community-acquired AKI (CA-AKI) is more
common than hospital-acquired AKI (HA-AKI)
among developing nations.[®] However, within the
Indian subcontinent, different etiologies are reported
from various centres which are geographically
distinct and also demonstrated changes in the
etiological spectrum over a period. The potential use
of indigenous tropical remedies results in the
development of AKI. From 1983 — 2008, the
incidence of surgical, diarrheal, and obstetrical AKI
decreased significantly whereas AKI associated with
sepsis, malaria, liver disease, and nephrotoxic drugs
increased.’’ In some studies, comorbidities like
Diabetes Mellitus (DM), hypertension, cardiac
disease were associated with the risk of developing
AKIL[ Recent studies in the Indian population
revealed nephrotoxic drugs as the most cause of
AKIl among medical cases and sepsis among
surgical cases and in ICU. To determine AKI,
volume status, urine output, altered serum creatinine
values, and proteinuria are crucial parameters.™t!]
The main key for treating AKI is assuring adequate
renal perfusion and the therapy related to the
severity, individualized to a patient. AKI is usually
treated with adequate hydration and RRT,'4 along
with treatment of complications (such as metabolic
acidosis, hyperkalemia) associated with AKI.[*!
AKI as a risk factor for CKD and ESRD is reported
in long-term studies. According to the frequency
and mortality rates of AKI patients, prevention by

20% had shown to reduce the number of
complications, deaths, and associated costs.'*l The
purpose of this study was to evaluate various
etiologies and their outcomes regarding age, sex,
and their clinical & laboratory profile.

MATERIALSANDMETHODS

Study Design and Setting

This prospective observational study was conducted
from February 2020 to January 2021, in the
department of General Medicine of S V R R G
General Hospital, Tirupati, Andhra Pradesh,
India.Total 160 patients with AKI were included in
the study. The study was approved by the
institutional Scientific and Ethics Committee at Sri
Venkateswara Medical College, Tirupati dated
01/02/2020, Lr.n0.19/2020. Written informed
consent was taken from all the participants at the
time of enrollment.

Inclusion Criteria

Patients with age more than 18 years with features
of AKI such as Increase in serum creatinine of 0.3
mg/dl or more within 48 hours of observation,
increase in serum creatinine of 1.5 times from
baseline or greater, which was known or presumed
to occur within 7 days or a reduction in urine
volume below 0.5 ml/kg/h for 6 hours.

Exclusion Criteria

Patients with Chronic Kidney disease according to
KIDGO criteria and pregnant females were
excluded from the study.

Study Procedure

The study included patients admitted in medical
wards, AMC, RICU through OPD and emergency.
Detailed history and clinical examination was
performed and records were checked to confirm the
presence of comorbidities such as Diabetes,
Hypertension, Coronary Artery disease and other
ilinesses. Complete hemogram, Serum creatinine,
serum electrolytes, liver function tests were done.
During the hospital stay, patients were followed up
with daily clinical examinations. Urine output was
measured every 6 hours on day 1 of hospital stay
and later for every 24 hours. Urine output for
patients in the ICU was measured every 6 hours.
Oliguria, hypotension, encephalopathy, acute
respiratory distress syndrome (ARDS), sepsis, the
requirement for mechanical ventilation and
ionotropic support were noted. Workup was
individualized for each patient to achieve a
definitive diagnosis. Serial monitoring of serum
creatinine and urine output was individualized for
each patient. The maximum serum creatinine and
maximum stage of AKI for each patient were noted
accordingly. The patients of AKI were managed
with fluid resuscitation, inotropic support, antibiotic
therapy and treating the underlying cause. Renal
replacement therapy if required was initiated after
consultation with a nephrologist. Each patient was
followed up for 3months with serum creatinine.

437

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN(O): 2687-5365; ISSN(P): 2753-6556



Complete renal recovery was defined as the return
of serum creatinine to within 0.5 mg/dL baseline
creatinine (ATN trail).

Hypotension was defined as the systolic BP<90 mm
Hg or a requirement of vasopressors to maintain a
mean arterial pressure of 65 mm Hg.Oliguria was
defined as urine output <0,5 ml / Kg/hr for more
than 6 hrs and anuria as urine output <100 ml for 12
hrs.Hypertension was defined as the systolic BP
>150 mmHg and/or diastolic BP >90 mmHg .
Hypernatremia and Hyponatremia were defined as
serum sodium level> 145 meg/L and <135 meg/L
respectively. Hyperkalemia and Hypokalemia were
defined as serum potassium levels> 5.5 meg/L and
<3.5 meq/L, respectively. Metabolic acidosis was
defined as pH < 7.3 and bicarbonate<20 meg/dI
Serum creatinine at most recent admission (7days to
3months) was considered as baseline.

Stage 1- Increase in serum creatinine by 0.3 mg/dL
(within 24hrs) or increase of 150-200% from
baseline (known or presumed to have occurred
within 7days).Decreased urine output by <0.5
mL/kg/h for6 hrs

Stage 2 - Increase in serum creatinine by >200-
300% from baseline, Decreased urine output by<0.5
mL/kg/h for 12 hrs

Stage 3 - Increase in serum creatinine by >300%
from baseline or >4 mg/dL with an acute increase of
>0.5 mg/dL or requirement of RRT, Decreased urine
output by< 0.3 mL/kg/h for 24 h or anuria for >24hr.
The duration of AKI is defined as the number of
days from the first day when the patient met the
AKI criteria and until they no longer did.

Analysis

In the present study, SPSS version 21 was used for
statistical analysis. Descriptive statistics, such as
percentage, frequency, mean, median, and standard
deviation were used to summarize patient’s baseline
clinical characteristics. The Mean and standard
deviations were used for continuous variables and
Frequencies and proportions were used for
categorical data, while the Crosstabs were used for
the comparison of proportions of categorical
variables. Statistical significance was considered at
the p-value of less than 0.05 on the chi-square test.

RESULTS

Among 160 participants, 104 (65%) patients were
males and 56 (35%) patients were females. Gender
The Mean + SD of the age of the study population
was 47+ 16. In the present study, the majority of the
patients were between 51 and 60 years of age
(23.1%) followed by the age group 41-50 years
(21.8%). Only 5.6% of the study population
belonged to older age more than 70 years. The
minimum and maximum age of the study population
was 18 and 78 respectively.

Acute Gastroenteritis, Cardiac illness, Sepsis,
Dengue, Malaria, Leptospirosis, Scrub typhus,
Hepatorenal syndrome (HRS), Toxins,

Glomerulonephritis and Bladder outlet obstruction
were the causes of AKI observed in this study.
Sepsis (34.6%) was the leading cause of AKI in the
present study. Among sepsis, urinary tract infection
(17.5%) was the most common cause followed by
pneumonia (6.9%). Toxins (23.1%) were the
second cause of AKI. Toxins such as plant,
chemical, drug and biological toxins were observed
to be causative in the study. Hypovolemia due to
diarrheal disease was the cause of AKI in 9.4% of
patients.  Dengue, Malaria, scrub typhus and
leptospirosis were seen in 3.8%, 3.8%, 3.1% and
5.6% respectively. Among all patients, 2.5% had
AKI secondary to glomerulonephritis. Obstructive
uropathy secondary to carcinoma cervix, renal or
ureteric calculi and benign prostatic hypertrophy
were observed in this study. It accounted for 4.4%
of patients.

Among the study population, comorbidities seen
were Diabetes mellitus (27.5%), hypertension
(15.6%), coronary artery disease (CAD) (8.8%) and
chronic obstructive pulmonary disease (COPD)
(3.75%).Renal AKI (76.3%) was the common cause
of AKI followed by prerenal (18.7%) and post-renal
(5%) AKI. Out of 160 patients, 121(75.6%) patients
were treated conservatively and 39 (24.4%) patients
underwent renal replacement therapy.

In the present study, complete recovery was seen in
105 (65.6%) patients and 43 (26.9%) patients died
and 12 (7.5%) patients progressed to chronic kidney
disease.Most of the patients (83.75%) required
hospitalization for around 2 weeks during which the
majority of patients recovered. About 16.25% of
patients required hospitalization for >3 weeks.

Table 1: Comparison of AKIN STAGING results between survival and non-survival groups

AKIN RECOVERY (n) DIED (n) CKD (n)
STAGE 1 59 2 7
STAGE 2 24 2 0
STAGE 3 22 39 5

Pearson Chi-square test- 64.139

Significance -<0.001

The study population with AKIN stage 3 was associated with high mortality compared to stages 2 and 3. AKIN

staging showed a significant association with outcome.
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Table 2: Comparison of ETIOLOGY AND OUTCOME results between survival and non-survival groups

ETIOLOGY RECOVERY(n) DIED(n) CKD(n)
ACUTE GE 12 2 1
CCF 10 1 0
SEPSIS PNEUMONIA 3 8 0
uTI 20 5 3
LIVER ABSCESS 0 2 0
MENINGITIS 3 0 0
LOCAL INFECTION 2 1 0
CELLULITIS 0 3 3
DIABETIC FOOT 0 1 1
DENGUE 6 0 0
MALARIA 5 1 0
LEPTOSPIROSIS 5 0 0
SCRUB TYPHUS 9 0 0
HRS 2 3 0
TOXINS 20 14 3
AGE 4 0 0
BPH/BOO 4 2 1

Pearson Chi-square test- 76. 860

SIGNIFICANCE - <0.001

DISCUSSION

AKI is a potentially fatal but reversible renal
disease. The etiology, clinical course and outcome
differ in various parts of the world and also within
India because of geographic and climatic diversity
and varying standards of medical care in India. The
mean age of the present study was 47 years which
correlates with the studies done by Vikrant S et al
study,[*®! (49 years) and Khan et al study,[*® (48.1).
In other studies, by Bernieh B et al,['" and Ravindra
L et al,[*® the mean age was a little higher compared
to the present study i.e., 56.2 years and 59.5 years
respectively.

In this study, 67.5% were males and 32.5 were
females. The male to female ratio is 1.8:1. Bernieh
B et al,['"l Ravindra et al,*® and Vikrant S et al,[*3]
studies also reported more or less equal distribution
of both males and females with slightly more males,
whereas a study by Rekha et al,'®lwas comparable
to the present study. The higher percentage of males
may be due to occupational hazards among males
that predisposes them to vectorborne diseases and
envenomation.

Among various etiologies of AKI, sepsis has topped
the list with 34.6% of patients followed by toxins
(21.1%). Sepsis pertained to be the common cause
of AKI and it correlates with other studies. Bagshaw
SM et al., in their prospective observational study,
conducted on critically ill patients at 54 hospitals in
23 countries reported that sepsis was the leading
aetiology for AKI in 47.5% of patients.’ UTI was
another major cause of sepsis-associated AKI in this
study accounted for 17.5% of cases similar to
Vikrant S et al study (8%).%]

In a study from Yemen, only 0.5% of patients with
AKI accounts for pyelonephritis.?l Pyelonephritis
was the predominant cause of UTI in this study.
Urine cultures were positive in 16 cases, in which E.
coli was isolated predominantly. It showed
comparable results with Kaaviya R et al

study.2Urosepsis may cause sudden deterioration
in renal function.

Next common cause of sepsis in the present study
was pneumonia (6.9%). Around 34% of patients
with community-acquired pneumonia (CAP) had
AKI and also reported that AKI was common in
non-severe categories of CAP in the Murugan et al
study.[?®1 A significant proportion of patients who
were in sepsis showed higher mortality than patients
without sepsis. It was observed that 2(1.3%) patients
had liver abscesses, 3(1.9%) patients had meningitis
and 2(1.3%) patients had a diabetic foot. In India,
diarrheal disease-related AKI ranged from 20.6% to
30.5%. Only 9.4% of patients had diarrheal diseases
in this study which correlates with Vikrant S et al
study (6.5%) but was lower than Prakash S et al
(18%),141 and Bhattacharya et al studies (17.3%).[2
A significant decline in acute diarrheal disease-
related AKI has been also reported in India by
Prakash S et al study.? Due to better hygienic
habits, good facilities and effective management at
the level of primary and secondary care hospitals,
acute diarrheal diseases have been decreasing. In
this study, 6(3.8%) patients were presented with
Dengue that was slightly higher than Mathew et al
study (2%).1261 A recent study from India reported
AKIl in 10.8% of patients with dengue.?"!
Leptospirosis, a zoonotic disease was responsible
for AKI in 18.5% of patients in the Vikrant et al,[*%!
study and it was higher than the present study
(5.6%). The majority of patients with leptospirosis
were non-oliguric. Scrub typhus is an important
cause of acute undifferentiated febrile illness in the
Indian subcontinent and is considered a differential
diagnosis for acute febrile illness with AKI. AKI
related to scrub typhus ranges from 20% to up to
60%.

AKI is considered as resultant of multi-organ
dysfunction. Toxins were observed as a cause of
AKI in 23.1%o0f patients. It included snake bite
(10.6%), nephrotoxic drugs (1.78%), herbal
medications (0.62%) and poisonous chemicals
(10.6%). Snakebite is considered an important
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cause of AKI in tropical countries. The mortality
related to snake bite-induced AKI ranges from 1%
to 20%.[281 The previous studies from India reported
that the incidence of snake bite-related AKI was
comparatively less. For example, in a study by
Muthusethupathi et al. in Chennai,® only 6 out of
187 patients had AKI due to snakebite. Patients with
snake bite-related AKI were slightly more (8.7%) in
the present study and was consistent with Vikrant S
et al (6.1%) study. Early administration of anti-
snake venom (ASV) was a vital measure. Treatment
for established AKI is largely supportive and RRT is
considered as the cornerstone. Among toxins,
6.1% of patients developed AKI secondary to
nephrotoxic drugs. Drug-induced AKI accounts for
20% of all AKI in an Indian study (148). Patients
with drug-induced AKI were comparatively more in
Prakash S et al,?! (4%)and Vikrant S et al,[t%
(5.3%) studies than in the present study. Among
toxins, chemicals involved in AKI were
organophosphorus poisoning (8.1%), rodenticide
(8.1%), carbamate (2.7%), supervasmol (8.1%) and
paraquat poisonings (16.2%). Herbal medicine
induced AKI accounts for 0.6% in the present study.
The results of glomerulonephritis (2.5%) were
consistent with the Vikrant S et al,*® study (1.9%)
but lower than Prakash S et al (6%),? and
Bhattacharya et al studies (5.3%).%1 It was
observed that Obstructive uropathy was secondary
to renal or uretericcalculi, carcinoma cervix, and
prostatic enlargement. It was responsible for AKI in
4.4% of patients compared to Prakash S et al study
(4%),41 whereas it accounted for 6.6% in the
Vikrant S et al study.[*"]

Clinical and laboratory characteristics: Oliguria was
the most common clinical feature in 78 (48.8%)
patients with AKI and correlates with Prakash S et
al (45.3%),24 and Vikrant S et al studies (45.3).1*°]
Patients with oliguria were less in number in
Bhattacharya et al (25.8),% and Shafeeq Usman V
et al (36.6%) studies®® when compared to other
features. It was found out oliguric AKI had a far
worse prognosis than non- oliguric AKI.BI Out of
all, 20.6% of patients were presented with
encephalopathy and it was similar to other studies
except Vikrant S et al (9%),¥land Bhattacharya et
al (5.33%),lstudies.

It was observed that out of 31 patients with
hypotension, 15 succumbed to illness in the present
study. However, the results of hypotension were
inconsistent with other studies. Hyperkalemia was
the major electrolyte abnormality in 50% of the
patients in the Prakash S et al study,? and three
times more when compared to the present study
(13.1%).

Multi-organ dysfunction occurred in 16.3% of
patients in the present study which did not correlate
with Vikrant S et al study (38.2%).1'%] The mortality
was 65.3% in patients with MODS in this
study.Metabolic acidosis accounted for 14.3%
mortality which was less than in other studies.

The mean + SD of Urea was 71.5 + 14.2 in this
study which was lower than in Vikrant S et al study
(143 + 68).1151 The mean + SD of serum creatinine
was 3.54 + 2.13 which was similar to other studies.
In a study by Bhattacharya et al study (140), mean
creatinine was 2.37 £ 0.90 mg/dl and mean * SD of
Serum urea was 92.44 + 39.67 mg/dl which was
inconsistent with the present study.Daily serum urea
and serum creatinine were found to be excellent
tools to monitor and predict the outcome of AKI in
this study. Similarly worsening serum urea and
serum  creatinine  value  despite  optimum
conservative management showed poor survival
outcomes.

In the present study, 7(4.4%) patients were kept on
mechanical ventilation that was lower than in other
studies. Mathew et al,®lconducted a study in
MICU, where 56% of patients were Kkept on
mechanical ventilation. In this study, mortality of
patients on ventilatory support was 100% and it was
higher when compared to Mathew et al (70.2%).2°]
In the present study, 18.8% of patients were treated
with lonotropic support which correlates with other
studies. In a study by Mathew et al,*8l 83.3% of
patients were treated with ionotropic support.
Studies including the present one had shown a
significant association between Inotropic support
and outcome (p=0.001). The common underlying
cause in patients who required ionotropic support
was sepsis (53.3%).

In the present study, comorbidities observed were
DM, HTN and CAD. Diabetes mellitus was the
common risk factor associated with sepsis. It
accounted for 27.5% of patients, higher than the
other studies. About 44 (27.5%) patients had
diabetes, 25(15.6%) had hypertension and 14(8.8%)
had CAD. Out of all, 10% of patients had both DM
and HTN.

The average duration of hospital stay of 7.34 days,
was shorter than the duration in the Bhattacharya et
al study (8.16 days).[?® In this study, patients with a
shorter duration of hospital stay (<7 days) were
associated with mortality similar to a study done in
Nigeria (155). The reason may be the limited
resources to detect AKI early in primary hospitals
and health centres, which leads to late referral and
admission of patients associated with severe stage of
AKI, usually with complications, and who died
early on hospital admission. In the present study, out
of 160 patients, 121(75.6%) patients were treated
conservatively similar to Prakash S et al (76%),24
and Rekha et al (74%),[*%Istudies. Among all the
patients, 24.4% underwent dialysis similar to
Prakash S et al (24%),? and Rekha et al(26%).1**!
In Ali et al study, the mortality in patients who
underwent renal replacement therapy was 57%
similar to the present study (58.97%). In SHARF
(Stuivenberg Hospital Acute Renal Failure) study
mortality was 58% among those AKI patients who
had undergone hemodialysis and 43% among those
treated conservatively. The mortality was 16.53%
among patients managed conservatively which was
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lower than the SHARF study. So, a critical approach
is warranted in initiating RRT in AKI. The overall
mortality of AKI in the present study (26.9%) is
much lower compared to findings from other
studies; 36.9% in Cameroon and 44.4% in Malawi.
This may be due to the difference in patient’s site of
admission (i.e., ICU vs general medical ward),
design, and underlying disease of patients. Sepsis
had the highest hospital mortality of 46%, which is
similar to data from other Indian studies.
Worldwide, the incidence of sepsis-induced AKI is
increasingand it represents an independent risk
factor for in-hospital mortality in these patients.

AKI, irrespective of residual kidney function,
increases long-term mortality risk. Complete
recovery was achieved in the majority (65.6%) of
the present patients and about 7.5% progressed to
CKD, at follow up (90 days). Out of 6 patients with
paraquat poisoning, 5 succumbed to death (4
patients underwent hemodialysis). A study done in
India with six cases of paraquat poisoning had
reported AKI in all the cases with 66% mortality
which was lower than the present study (83.3%).
Patients with non-oliguric AKI had a better
prognosis than oliguric renal failure, probably due in
large measure to the decreased severity of the insult.

CONCLUSION

Sepsis was the most common cause of AKI in this
study. Renal AKI was the common cause of AKI.
Risk stratification and early diagnosis &
management were the best time-tested approach in
treating AKI. Most of the infectious and
environmental causes were largely preventable
which were associated with significant morbidity
and mortality.
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